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AERONAUTIC SYMBOLS 
I. FUNDAMENTAL AND DERIVED UNITS 


rr 

9 

m 

I 

#* 

S 

s m 

0 

b 

c 

A 

V 

1 

L 

D 

Do 

D t 

D, 

C 



Symbol 

Metric 

English 

Unit 

Abbrevia- 

tion 

Unit 

Abbrevia- 

tion 

Length _ 

l 

meter 

m 

foot (or mile) 

ft (or mi) 

Time 

t 

second __ 

s 

second (or hour). 

sec (or hr) 

Force 

F 

weight of 1 kilogram j: 

kg 

weight of 1 pound 

lb 

Power 

P 

horsepower (metric) 


horsepower. 

hp 

Speed 


f kilometers per hour - 

kph 

miles per hour _ _ 

mph 

V 

(meters per second 

mps 

feet per second 

fps 


2. GENERAL SYMBOLS 


Weight =mg 

Standard acceleration of gravity=9.80665 m/s 3 
or 32.1740 ft/sec 3 

W 

Mass=— 

g 

Moment of inertia =mP. (Indicate axis of 
radius of gyration k by proper subscript.) 
Coefficient of viscosity 


v Kinematic viscosity 

p Density (mass per unit volume) 

Standard density of dry air, 0.12497 kg-m _4 -s 3 at 15° O 
and 760 mm; or 0.002378 lb-ft -4 sec 3 
Specific weight of “standard” air, 1.2256 kg/m 3 or 
0.07651 lb/cu ft 


8. AERODYNAMIC SYMBOLS 


Area 

Area of wing 
Gap 
Span 
Chord 


b* 


Aspect ratio, -g 
True air speed 
Dynamic pressure, F 3 

Lift, absolute coefficient 


Drag, absolute coefficient 0 D =^ 

Profile drag, absolute coefficient Cd 0 =^ 
Induced drag, absolute coefficient C D = ^ 
Parasite drag, absolute coefficient Cd '-% 

Q 

Cross-wind force, absolute coefficient 


Q 

Q 

R 


a 

e 

o 

a { 

ot a 


Anglo of setting of wings (relative to thrust line) 
Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 
VI 

Reynolds number, p — where l is a linear dimen- 


sion (e.g., for an airfoil of 1 .0 ft chord, 100 mph, 
standard pressure at 15° C, the corresponding 
Reynolds number is 935,400; or for an airfoil 
of 1.0 m chord, 100 mps, the corresponding 
Reynolds number is 6,865,000) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced i 

Angle of attack, absolute (measured from zero- 
lift position) 

Flight-path angle 
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DAMPING IN PITCH AND ROLL OF TRIANGULAR WINGS AT SUPERSONIC SPEEDS 

By Clinton E. Brown and Mac C, Adams 


SUMMARY 

A method is derived jor calculating the damping coefficients 
in pitch and roll jor a series oj triangular wings and a restricted 
series oj swept back wings at supersonic speeds. The elementary 
“ supersonic source ” solution oj the linearized equation of motion 
is used to jind the potential junction oj a line of doublets , and 
the flows are obtained by surface distributions oj these doublet 
lines. The damping derivatives jor triangular wings are jound 
to be a junction o f the ratio o f the tangent o f the apex angle to the 
tangent oj the Mach angle. As this ratio becomes equal to and 
greater than 1 .0 jor triangular wings , the damping derivatives , 
in pitch and in roll , become constant. The damping derivative 
in roll becomes equal to one-half the value calculated jor an 
infinite rectangular wing , and the damping derivative in pitch 
jor pitching about the apex becomes equal to S.375 times that oj 
an infinite rectangular wing. 


INTRODUCTION 


In reference 1, a straightforward method was found for 
calculating the lift and the drag due to lift of triangular 
wings. The present paper extends the method to the cal- 
culation of rolling and pitching motions of the wings. The 
damping coefficients in roll and pitch for the limiting case of 
very slender wings have been calculated (reference 2). The 
present theory is not limited by the size of the apex angle, 
and triangular wings with leading edges ahead of and behind 
the Mach cone originating at the apex of the wing are treated. 

In the present theory, based on the linearized equations of 
motion, the wing is represented by a doublet distribution 
which can be shown to be equivalent to a vortex distribution. 
An integral equation is found which can be easily solved by 
analogy with known relations for two-dimensional incom- 
pressible flow. The pressure distributions presented may be 
used to calculate the damping coefficients of a limited series 
of wings for which the trailing edges are cut off so that they 
lie ahead of the Mach cone springing from their foremost 
point. 

SYMBOLS 


b 

c 

c 


maximum span of wing 
root chord 


mean aerodynamic chord 

/ 9 r b ' 2 , 2 \ 

f-g I (Local chord) 2 dy=^cj 


f (*) 

V 

<1 

V x 

w 

y, z 

*i, Vu Zi 
x 0 
A 
C 

Ci 


doublet-line-distribution function 

angular velocity of roll 

angular velocity of pitch 

incremental velocity component in x-direction 

^-component of velocity 

coordinates of field point (see fig. 1) 

coordinates of a source or doublet 

point about which the wing pitches 

source or doublet strength 

tangent of half-apex angle 


rolling-moment coefficient 


'Rolling moment \ 


5 pV 2 Sb 


) 


pitching-moment coefficient 


< 


Pitchin g moment 
\ pV'Sc 


C L lift coefficient / Llft for g. e \ 

\ 5'™./ 


E'(/3C) 

complete elliptic integral 


Vl — (1 — 0 2 (7 2 )sin 2 ft drij 

p'm 

complete elliptic integral 


/ pr/2 dn \ 

\Jo Vl — (l— 0 2 C ,2 )sm 2 nJ 

K 

constant 

M 

Mach number 


P 


S 

V 
€ 

V 

M 

P 

<t> 

00 

0S 

0Z> 

0L 


lifting-pressure coefficient 


'Lifting pressure N 


pF 2 


wing area 

free-stream velocity 
half of apex angle of wing 
small quantity 

Mach angle ^sin -1 

density of fluid 

disturbance-potential function 
potential of supersonic source 
potential of supersonic source distribution 
potential of supersonic doublet distribution 
potential of a line of doublets 
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p _ dC, 

l ” dpb/ 2V 

p 

m '~'dqc/ 2F 

p dC], 

L i dqcj 2V 

P=^M 2 I 

f= X—fPya 

V 1 — /3 2 <r 2 ->Jx 2 — fi 2 (y 2j r z 2 ) 

e=y 

X 

X\ 

Subscripts: 

i incompressible 

p rolling condition 

(Z pitching condition 


potentials as shown in reference 3. For example, a distribu- 
tion of sources over a portion of the xy - plane would give the 
potential 


0S — 



— A(x 1 ,y l )dx l dy i 

V(z--Zi) 2 — £ (y— I/,) 2 - P 2 Z 2 


(3) 


where the limits chosen must be such that all sources will be 
located within the forward Mach cone from the field point 
( x , y , 2 ). Another solution may now be obtained by differ- 
entiation with respect to any of the coordinate directions; 
that is, 



f" 4 P 12 —A(x u y l )dx l dy l 
^ J 01 V (x — Xi) 2 — (3 2 (y — y } ) 2 — 0 2 z 2 


(4) 


ANALYSIS 

Solutions must be found that satisfy the linearized differ- 
ential equation of a nonviscous compressible fluid written 


This solution, however, may be considered the vertical or 
2 -component velocity of the source-distribution potential 0<* 
and as shown in reference 3 


02 d 2 0 __ d 2 0 __ d~cf) __ 
p dx 2 by 2 0 


0) 


<t>D =±TrA(x,iy) (5) 

=kz->0 


where x , y , 2 are Cartesian coordinates (see fig. 1), and 0 is 
the disturbance-potential function created by the wing. An 

z 



Mach cone 


Figure 1 .—Coordinate system. 


elementary solution of this equation known as the potential 
of a supersonic source may be written 

VO— Z 1 ) 2 — /3'%— ?/,) 2 — /3 2 (s— z,) 2 

The quantity A is the strength coefficient of the source. 
New solutions may be obtained by superposition of such 


The step taken in equation (4) also corresponds to the forma- 
tion of a doublet potential; that is, <j> n represents a distribu- 
tion of doublets over the xy-plane with strengths 
proportional to A(x h yi). For any known doublet distribu- 
tion, the velocity component parallel to the surface in any 
directions may immediately be obtained from equation (5) 


_d0 D _ dA 

Vs — — It T -5— - 
± 2->0 06 * 06 


( 6 ) 


The foregoing results are analogous to incompressible-flow 
relations and it may be stated in general that for every doub- 
let distribution there is a vortex distribution which will 
produce a similar flow. The vortex distribution and doublet 
distribution are directly related by equations (5) and (6). 
These simple concepts, given first by Prandtl (reference 4), 
may be used directly to obtain the solution of problems in 
which the pressure distributions are given, such as airfoils of 
uniform loading. If the equation of the surface is given and 
the pressure distribution is required, integral equations must 
be solved. In certain cases, the problem may be simplified 
if the form of the final potential is known. In reference 2 the 
disturbance potential for wings of very low aspect ratio was 
found to be in the form 


**^(*1) p) 

This form of the potential appears quite logical from the 
standpoint of satisfying the boundary conditions for steady 
rolling or pitching. In the following analysis, the assump- 
tion of a potential in the form of equation (7) is shown to be 
correct ; however, it should be pointed out that the potential 
of this type must be restricted to the linearized theory and is 
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not of the same general nature as that of a conical field which 
exists even in the nonlinear problems. 

From equation (7) the doublet distribution over the surface 
will be in the form 


^(S) 


(8) 


and under the assumptions of the linearized theory the 
lifting-pressure coefficient is now 


P= 


\Vx 

V 




( 9 ) 


The formation of the integral equation follows the method 
of reference 1. A potential that represents a line of doublets 
in the xy-plane at an angle tan _ V to the x-axis is derived in 
the form of equation (7). Use is made of the boundary con- 
ditions to set up an integral equation that introduces the 
unknown distribution function j(a). The potential of the 
doublet line may be obtained by following a procedure 
similar to that used in obtaining equations (3) and (4), and 
by substituting the expression for A given in equation (8) 
into equation (4). The expression obtained in the following 
equation may be seen to represent a line of doublets along 
which the doublet strength increases as x 3 : 


4>l 


_ d C x ' — xfdxi 

ds Jo V (z—xi) 2 — P 2 (y— axi) 2 —p 2 z 2 

2 z(x—p 2 ay) / 0 \ , 2g 2 g V x 2 — /3 2 (y 2 +g 2 ) 

(l-0V)" r V f f 2 -!/ (1-/3V) 2 

( 10 ) 


where 


f= 


x—p 2 <ry 


Vl -/3VV* 2 -W+z 2 ) 


and x f is the value of Xi for which the denominator of the 
integrand vanishes. The potential of the complete wing 
may now be obtained by an integration with respect to the 
dimensionless parameter a 


<t>= j c f(v)<t>L da 


(11) 


where tan _1 (7=€, the half-apex angle, and f(a) is an un- 
known distribution function. The 2 -component velocity w 

can be written for /3 - approaching zero 


r 

w bz X J- 


BC 

■fc (1 — /3V) 5/2 


0 2 -i) P c SfM 1 


dz 

835371 — 49 - 


d(M+ 2r ^ 

I *J i 


3 coth 1 r~ 

d(fia) 


sc (1— /3 V) 2 


( 12 ) 


where 9 = ^ for convenience. The boundary conditions for 
rolling may now be written 

w=—py 

or 


w a 

x = -P d 

For pitching about the y-axis, there is obtained 

w=—qx 


(13) 


or 


w 

x = - q 


(14) 


Introduction of equations (13) and (14) into equation (12) 
provides integral equations which theoretically can be solved 
for the unknown function f(a). Simpler relations, however, 
may be obtained if equation (12) is differentiated twice with 

respect to 0 to obtain the quantity ^ • The method for 

differentiating is indicated in the appendix and gives 

(15) 

The boundary conditions require the foregoing quantity to 
be zero for both rolling and pitching with the additional 
requirements on /(<r) that, for rolling, at the point 0=0 


and, for pitching, 




d(w/x), 

be 


(16) 


(17) 


Equation (15) now yields, for rolling, 

urn j. r«+» r i=o 

V->0 ( J-C (<7 0) jO+ri &) L V V J \ 

(18) 

and, for pitching, 

% ic - 

(19) 

Equations (18) and (19) are identical to the equations that 
would be obtained for similar boundary conditions on a two- 
dimensional flat plate if an analogous process of distributing 
the doublets were followed. (See appendix.) The analogue 
for the rolling motion of a triangular wing would be a 
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two-dimensional flat plate rotating about its midchord point 
in a stationary stream. The surface potential distribution 
and therefore the doublet distribution would be 

j(<r) p =K p cJC^c 2 ( 20 ) 

For the pitching condition the analogue would be a two- 
dimensional flat plate in a stream flowing normal to the 
surface. The potential or doublet distribution would be 

(21) 

These potentials, which can be found in references 2 and 5, 
satisfy equations (18) and (19) by analogy; however, the 
conditions of equations (16) and (17) must be shown to be 


satisfied. 


For the calculations of (w/x) p and 




and 


the evaluation of K v and K Q , only one value of 0 need be 
considered. This value may conveniently be set equal to 
zero. For rolling motion, equation (20) indicates the doublet 
distribution to be antisymmetric. Therefore the value of 
w/x at 0=0 must be zero, and the condition of equation (16) 
is satisfied. For the pitching motion, the doublet distribution 
is symmetrical about 0=0 and therefore the quantity 
d(wlx) . ^ . _ 

— ^ — must be zero at 0=0, and the condition of equa- 


tion (17) is satisfied. 


The constants K v and K q may now be evaluated from the relations obtained in the appendix; for 0=0 

V- <«*-»+ 

• C BC V/3 2 <? 2 -/SV 

J0( 


K 


i 


A / s 2 C 2 —p 2 a 2 
■pc /3V(1 -pp) 


2 d(i 3a) 


!^)0V(l-,8V) 2<i(/3<r) 


2(3 CK q 

Pv 


'] 


(22) 


d(w/x) 


de 


-p= 


-ts *<« + 

BC ypC*-po i 




,c 


] 


(23) 


Equations (22) and (23) may be integrated by use of tables 
(reference 6) to give 

P=*Kp [fEfS E ' ^ - 1 -pC 2 F 'Q°)\ (24) 

Z=*K t E ' im + 1 ^ F '(m] (25) 

F f (PC) and E' (PC) are complete elliptic integrals of the first 
and second kind. 

The pressure distribution for the rolling wing may now be 
obtained from equations (9), (20), and (24), and the pressure 
coefficient is 


P= 


V 


[?-= 


4 xpC 2 6 


pc 2 


pc 2 


E'(fiC ’)■ 


pc 2 


\-pc 2 


^GSC)] V<? 2 -6 


(26) 


translational motion of velocity qx 0 . The pressure distribution 
for this translational motion corresponds to that of a wing 

at a constant angle of attack of — ' • (See references 1 

and 7.) The pressure distribution for the constant angle of 

attack — -p? is 


P= 


— iCPqxg 

VE'(BC)^C^P 


(28) 


Combining equations (9), (21), (25), and (28) gives for the 
pressure distribution in the pitching ease 


P= 


i qx 

V\'C 2 -e- 


2C 2 -ff 2 


1-2/3 2 C* 


PC 2 


1 p(P E (fi@) T j 


XgC 2 

’xE'(pC) 


(29) 


Integration of the pressures over the wing surface gives the 
forces and moments acting on the wing. The nondimen- 
sional derivative C tp may then be found 




-7 rC 


[MS E'VC)— f'WC)] 


(27) 


In the analysis the pitching axis has been taken at the 
wing apex; however, in application it is desirable to obtain 
the pressure distribution and the force and moment co- 
efficients for pitching about any point. A superposition of 
motions is therefore required. The pitching motion about 
any point x 0 can be made up of a pure pitching motion 
about (he apex of the wing combined with a vertical 


Integration of the pressures over the wing surface and for- 
mation of the nondimensional derivative yields 


C7 — 


6tC 




and 


£'(0O+j 


AjrCxg /qq\ 

E'&Qc 


a„ = 


- 6 MH) 


4tCx ( 


‘ 0 - 1 ”) 




(31) 

where c is the mean aerodynamic chord. 

Calculations of these derivatives for triangular wings 
having their leading edges outside the Mach cone are most 
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easily made by the source distribution method. In this 
method, the upper and lower sides of the wing may be con- 
sidered independent of each other. The source distribution 
function for the rolling wing is 


< l v (x 1 ,y l )<*Ky l 

(32) 

whereas that for the pitching wing is 


g Q (xi,yi)<*Kxi 

(33) 


The calculation of the pressure distribution is not presented, 
since the subject of the integration of source distributions 
has been well covered in reference 3. 


The pressure distribution for rolling wings outside the 
Mach cone lias been calculated to be 


P ~irV(Jc t — l) ,f! 


COS 


1 +P 2 Ce 

0(0+0) 


(34) 


Integrating the pressures over the wing and expressing the 
derivative in nondimensional form gives 


30 


(35) 


For the pressure distribution due to pitching about the 
point x Q , a combination of flow patterns must again be used. 
The pressure distribution of a wing at uniform angle of 

attack — ^ is (reference 3) 


4 qx 0 C 


*[■ 


i -p-ce , i+p 2 Ce~\ 

cos 1 0iC^T) +cos 0(C+ d j] 


irV\0 2 C 2 

The pressure distribution for pitching then becomes 

71 4 qx rzpcjl-pd 2 , 0 3 C 3 -200-06 1 + 0 2 O6 

tV0\_ 0 2 C 2 - 1 (/3 2 C 2 — 1) 3/2 cos 0(0+0) 

0 3 C 3 — 200+ 06 l-0 2 O6 1 

(0 2 C 2 -1) 3 ' 2 C0S 0(0-6) J 


4qx„0O 


TV0y0 2 O 2 


ht 


cos -i i+^» +cog -i LzW 
0(0+6)^ 0(0—6) J 


(36) 


(37) 


The nondimensional derivatives C L and C„ lq then become 


r — 8 8a: ° 

0 pc 


(38) 


9-8?? _ 
r c , 8xo 

0 ^ 0c 


M) 


(39) 


DISCUSSION AND CONCLUSIONS 

Expressions for the lifting-pressure coefficients over 
triangular wings in roll are given in equations (26) and (34) 
and in pitch, in equations (29) and (37). Equations (26) 
and (29) are for wings inside the Mach cone and equations 
(34) and (37), for wings outside the Mach cone. Typical 
pressure distributions are shown in figure 2 in which the 
pressure distributions for the two wings in pitch are for 
pitching about the apex. 

Expressions for the quantities Ci p) C Lq , and C mq are given 
in equations (27), (30), and (31), respectively, for the case 
of the wing inside the Mach cone and in equations (35), 
(38), and (39) for wings lying outside the Mach cone. It 
will be seen that the parameters pC ip , $C Lq , and pC mq may 
be expressed as functions of @C where 


0C= 


tan € 
tan ju 


The stability derivatives may therefore be plotted against 
this parameter to give curves which will hold for all triangular 
wings at any Mach number. These curves are given in 
figures 3 to 5. For values of fiC approaching zero the values 
of the derivatives closely approach those given in reference 2 
which were based on the assumption of very low aspect 
ratio. 

For values of 1 (that is, for the wing lying outside 
the Mach cone), the quantities fiC ip and pC mq become con- 
stant and equal to— | and —1, respectively (the pitching 
2 

being about the ^ c point). In comparison, the values of 

2 

pC lp and pCm q for infinite-span, rectangular wings are — g 

o 

and — respectively (the pitching being about the leading 

o 

edges) . 

It should be pointed out that the pressure distributions 
given in this paper may be used directly to calculate the 
damping in pitch and roll for wings having trailing edges 
cut off ahead of the Mach cone, the most interesting of this 
series being the so-called “ arrow wings.” 

It is apparent that a suction force exists at the leading 
edges of wings in pitch and roll whenever the leading edges 
are swept behind the Mach cone. A method for obtaining 
the values of these suction forces was derived in reference 1. 


Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., December 12, 191+7. 
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(a) Leading edge behind Mach cone. (b) Leading edge ahead of Mach cone. 

Figure 2. — Pressure distributions for rolling and pitching about apex. 
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Figure 3. — Stability derivative Ci v for triangular wings. 



Figure 4. — Stability 


derivative Cl q about the point for triangular 
wings. 



0 .2 .4 .6 .8 AO A2 

PC 


2 

Figure 5. — Stability derivative C mq about the ^ c point for triangular 

wings. 


APPENDIX 


METHOD FOR DIFFERENTIATION OF EQUATION (12) 


The expression for w (equation (12)) cannot be used directly when 2 is set equal to zero because of a troublesome singularity 
in the term j and the occurrence of an indeterminate form under the integral sign. To obtain the value of w on the 
surface, however, it is possible to integrate and then set 2 equal to zero. The troublesome parts of equation (12) come from 
the terms involving These terms, written out, may be integrated as follows: 


, ri 

Vl— 18 2 0 2 


* c 

sc (1— (SV) 2 


d(l 3<r) 


B 2 z 2 

2 (1 fS 2 <r6) 2 


(Pc-pey+(l-pM) 


(1 -tm [(dcr- 


e-v-n - . 

m 2 +( i-/3V)^f- 


/S/V) 


VC 


+ 


re 

A 1 -PW 

J ~t 


-pc 


_d — /3V) 2 [(,8<r-00) 2 + (1 -|3V) 

Introducing the limits and then setting z=0 gives 

^(0(i-^Q 2 yr^¥ ^(-q(i+w 2 vmv 


0C 


d(0<r) (Ptr-W) 


(p a -pey+( 1-/3V) 


.2 1 2 

■] 

, f flV) (l-gV 6)n 

L o-w J (An 

d(pa) ^ A1) 


(1 — p 2 C i ) i {pC — pd) 


(1 -p 2 C 2 y(pc+pe) 


f Vi- 


J 

p/Md-p^eyi 

r* 7 d(0e) 1 

_ (1-/3V) 2 J 

J-ec P<r—pd 

d(P<r) 


(A2) 


The integral term of the expression (A2) is improper, however, and must be evaluated at the singular point 0=tr. If the 
expression (A2) is now integrated by parts, account being taken of the singular point, there is obtained with 2=0 


lim { V 1 ’ 

77— >0 


^ J-ec Ld-pwyipc-pey «iwj+vi pe J g(0+v) l(\-p 2 ar^-pey d ^ a) j ‘ 


2/(0) A l-/3 2 0 2 

V 


(A3) 


Equation (12) may now be rewritten for wjx with 2=0: 

i' 2 3pf(<r)(l—p 2 ad) coth -1 f 

(1 — p 2 a 2 y 2 

3pf(cr)(]-P 2 ad) cotb-'f 


— =lim | (— r fffr)V j-W l-gW v 3ff/M(l-^)coth-f 2pf(a)jl-pw 1 

x L (i-pwyipv-pdy d(M (l-pwy 2 «(^)+ (i-^v) 2 ®<wj+ 

r c rm*) VE® 1 - m 2 

.)««+,> L (j -p 2 <ry(p<r-pdy d[P 


(A4) 


(1 — P 2 (T 2 ) 2 u '"' vj 1 (1 —0 V) 2 

Following Leibnitz’ rule for differentiation under the integral sign and collecting terms gives finally: 


d(w/x) 

dd 


-lim coth-'f ^ 0*(3P*+2pO+$e0*<f)/(a) 

■51L L o ^My l2 ~ rf(f3 ) “ "vT^W^V)^ 


d(P<7 ) ■ 


W(<r) 


a i -pwipa- pey 


d(Pa) — 


MM 


2p[f{ a )y\~p 2 e 2 


w(\ — ai^\ tR — Rtt\ d(& a ) + (p<r~ pey' 


y\-pW(\-pM)(po-pd) 

yi-j8 2 0 2 (i-/?v) 2 

2/3 2 /MVr^8¥ 2 


' M + .L+,> L (1-0V) 5 ' 2 


d(/3o-) - 


m 2 /M 


yi-j3 2 0 2 O3<r-/30) 


(/(^<r)- 


/3!/(v) 


\/l — 0 2 0 2 (1 — pi 1 a' 2 ) (Pa—pd) 


d(Pcr) + 


(pa-eey diPa} _\ „ x i -pw 


v“i wm 

J Wl-£ 2 0 


_4yi -p-eyye) 

v ! 


(A5) 


8 


DAMPING IN PITCH AND ROLL OF TRIANGULAR WINGS AT SUPERSONIC SPEEDS 


9 
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The second differentiation now gives 

ft 3 /(( T ) 


d 2 (w/x) 

~dd 2 




(A6) 


The same process may be carried through for an incompressible, two-dimensional flow. The potential of a single doublet at 
a point (yx, 0) in a two-dimensional field ( y , z) would be (reference 8) 

(A7) 


<t> ~(y i—y) 2 +z 2 

from which w t , the velocity normal to a flat plate extending along the y-axis from — C to C, would be 

2z 2 


v.-j° c fiv,)dv, [gpj 


-y) 2 +z 2 {yi—y) 2 +z 2 . 

Integrating by parts, then setting 2=0 as in equations (Al) to (A4) gives for 2 = 0 


] 


Wi = 


( p - ” f(yi)dyi | 

r c f(yt)dyi 2 /( 2 /)) 

U-c %-yY^ 

.) v+v (2/1 -yY v ) 


Differentiating twice with respect to y gives 


iim ! C J ~” 6 AyQ^yi , f 

dy 2 if— m) ( J — c (yi-y) i+ Jv 


WyMyi 4 fiy) _ 4/' ' (y) 


k+, (yi-yY 


(AS) 


(A9) 


(A 10) 


This equation, except for the factor ^\—/3 2 d 2 , is analogous to equation (A6). When the boundary conditions require the 
c^ 2 (/wlx) 

term ^ 1 to be zero, the factor may be omitted and solutions of equation (AlO) are then seen to be solutions of 
equation (A 6). 
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Positive directions of axes and angles (forces and moments) are shown by arrows 


Axis 

Force 
(parallel 
to axis) 
symbol 

Moment about axis 

Angle 

Velocities 

Designation 

Sym- 

bol 

Designation 

Sym- 

bol 

Positive 

direction 

Designa- 

tion 

Sym- 

bol 

Linear 
(compo- 
nent along 
axis) 

Angular 

T.nmrit.ndirml 

x 

X 

Rolling 

L 

Y 

Roll 


u 

V 

Juuu^iuuvimaii. ....... 

Lateral . . 

Y 

Y 

Pitching 

M 

Z 

Pitch 

9 

V 

S 

Normal — 

Z 

Z 

Yawing 

N 

X >Y 

Yaw 

* 

w 

r 


Absolute coefficients of moment Angle of set of control surface (relative to neutral 

jr m __ N position), 8 . (Indicate surface by proper subscript.) 

0l =yS8 Gn=z ybS 

(rolling) (pitching) (yawing) 


4. PROPELLER SYMBOLS 


D 

Diameter 

P 

p 

Power, absolute coefficient @p = pn i[)i 

P 

Geometric pitch 


PID 

V' 

Pitch ratio 
Inflow velocity 

c 9 

5 lpV 6 

Speed-power coefficient =<W 

V, 

Slipstream velocity 

V 

Efficiency 

T 

T 

Thrust, absolute coefficient C T = pn 2 jji 

Q 

Torque, absolute coefficient 0 o = pn ?jy 

n 

4> 

Revolutions per second, rps 
Effective helix angle— tan 1 (^2irrn) 

Q 


5. NUMERICAL RELATIONS 

1 hp=76.04 kg-m/s=550 ft-lb/sec ' 1 lb=0.4536 kg 

1 metric horsepower=0.9863 hp 1 kg=2.2046 lb 

1 mph= 0.4470 mps 1 mi= 1,609.35 m=5,280 ft 

\ mps =2. 2369 mph 1 m=3.2808 ft 


